ABSTRACT In order to satisfy the communication requirements, a low profile + 45 • / −45 • dual-polarized base station antenna with a spacing of only 23 mm between the reflector and radiating surface is proposed. Different from the more common base station antenna units, the four folded dipoles are arranged in the same plane to form an octagon. When a single polarization is excited, the four folded dipoles are excited as a whole. Furthermore, two meandering L-shaped feeding lines are used to achieve a larger impedance bandwidth. Ultimately, this antenna has a relatively wide impedance bandwidth of 44.5% from 1710 to 2690 MHZ. The use of a reflector contributes to the formation of a stable radiation pattern, and aids in the realization of high cross polarization discrimination (XPD) available in the whole working frequency band. The antenna geometry description and operation principle are elaborated and several important parameters are also studied. The fabricated antenna array consists of 2 × 12 elements and the measurement results obtained demonstrate that the array meets the requirements in all bands of the DCS1800, PCS, 3G, and traditional WiMAX for modern communication on the eve of the 5G.
I. INTRODUCTION
With the rapid development of communication technologies, it is inevitable that multiple communication systems, such as 2G, 3G and 4G, coexist in one base station, this ''all-inone'' designing strategy for the base station antenna will save installation space and construction cost for communication operators on the eve of 5G era. In response to such a practical situation, the base station antenna should maintain several key characteristics, including :high gain, broadband bandwidth, high front-to-back ratio (FBR), low profile and stable radiation pattern, which are necessary simultaneously. In order to combat the side effect of multipath effect and increase the channel capacity, dual-polarization is the best choice for base station antenna.
Many cross-dipoles base station antennas which are composed of a pair of dipoles have been proposed in [1] - [11] .
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It has been particularly proved in [11] that when a singlepolarized antenna is fed, the other could play the role of a parasitic element. Therefore, we can draw a conclusion that because of the strong mutual coupling between the two crossed dipoles in [5] that are perpendicular to each other, the impedance matching is greatly improved. Broadband impedance bandwidths were achieved between 1.8GHZ and 2.9GHZ as well as S21>39dB in [6] , however, its gain varies significantly and FBR is not good enough. In [8] , a broadband is obtained in the 1710MHZ-2690MHZ frequency range with VSWR<1.5, achieved by introducing an additional parasitic square ring radiator and a metallic plate. The antenna structure is however bulky. In [10] , by embedding additional loops into the original loops the authors were able to generate a new resonant mode having good impedance matching between 1.68GHZ and 2.83GHZ. Although the antenna was able to realize a compact antenna and exhibited a low FBR,its array was not presented.
Magnetic-electric dipole is also a good candidate for dualpolarization base station antenna. A novel dual-polarized magneto-electric dipole antenna which is excited by two L-shaped strips has been proposed [12] . A common impedance matching of 65.9% within frequency ranges from 1.6GHZ to 3.6GHZ was achieved. It is characterized by excellent performance with respect to port-to-port isolation which is over 36dB as well as gain of the antenna which is approximately 9.5dBi. However, the antenna is still bulky and has a low FBR. A novel differentially-driven dual-polarized antenna has also been proposed in [13] and [14] . The antenna benefits from low cross-polarization level and a wide band impedance bandwidth of 68%; on the other hand, the antenna cannot maintain a stable gain level and has a radiation pattern which varies considerably within the operating frequency band.
Besides the cross-dipole and magnetic-dipole, folded dipole is also another good configuration, which has great potential to meet all the requirements of the base station antenna. In [15] - [18] , due to the inherent reason of having four folded dipoles sharing the same radiator, stable radiation and lower cross-polarization level were achieved. A folded dipole antenna was proposed in [15] covering the frequency bands from 575MHZ to 722MHZ and having a VSWR<1.5. While a wideband antenna was also presented in [16] - [18] , operating from 1.71GHZ to 2.17GHZ with its return loss is below 15dB, it is not enough to satisfy the requirement of LTE band. A broadband folded dipole antenna was also developed in [17] showing good impedance matching in the 1710MHZ∼2690MHZ frequency range, the only drawback is that performance of the antenna array was not presented in this paper.
In this paper, a ± 45 • dual-polarized antenna element which is composed of four folded dipoles and its corresponding 2 × 12 array are proposed. When a single polarization is excited, the four folded dipoles of antenna element are excited as a whole so that a highly symmetry surface current is achieved. The simulation results and measurements verify that the antenna element has a broadband from 1710MHZ to 2690MHZ, good port-to-port isolation, stable horizontal pattern and a high XPD. This means that the ultra-wideband antenna can help operators flexibly deploy and configure the network, covering frequencies from 1710MHz to 2690MHz, including all bands of DCS1800, PCS, 3G and traditional WiMAX. More importantly, from the radiation pattern of the array at different electrical down tilts, we find that the array can achieve high quality for communication service.
II. DUAL-POLARIZATION ANTENNA ELEMENT A. ANTENNA CONFIGURATION
The proposed configuration of the broadband dualpolarized antenna is shown in Fig 1. The YOZ plane and XOZ plane will be defined as the vertical plane and horizontal plane, respectively, so that the actual application situation will be conformed. Generally, the antenna is composed of two L-shaped feeding lines, one radiator consisting of four folded dipoles with a thickness of 2 mm, and a square reflector. Each folded dipole is end-to-end connected to the others and has two loading parts which are orthogonal to the folded dipole in the YOZ-plane (or XOZplane). This loading part provides improved mutual coupling with the adjacent one, which greatly expands bandwidth and enhances radiation performance from the capacitance loading perspective.
A pair of meandering L-shaped feeding lines pass through a balun which is sited between the radiator and the metal reflector. The inner surface of the adjacent balun can be regarded as the ground, and the metal feeding lines in the middle transmits electrical energy. The entire feeding line is divided into three parts as shown in Fig 1(c) , namely: portion1, having 50 characteristic impedance; portion 2, acting as an energy coupler; and portion 3, providing inductive reactance compensation of portion 2. Portion 1 is vertically erected, one end of which is connected with the coaxial cable behind the reflector, and the other end is connected with the portion 2 of the feeding line directly. Therefore, the electrical energy can be transmitted from the coaxial cable to the feeding lines. More specifically, the radiator is excited by portion 2 which is oriented horizontally. The role of portion 3 is to introduce capacitance in the equivalent circuit so as to compensate for the inductive reactance caused by the portion 2. Wide impedance bandwidth can be achieved when the capacitive reactance balances off the inductive reactance. In addition, for purposes of avoiding physical interference, the horizontal section of the two feeding lines are separated by a gap.
B. CURRENT DISTRIBUTION ON THE RADIATOR
A full-wave simulation in HFSS is also executed to form a comparative argument. In this situation, the low profile antenna element is considered as shown in Fig 1(a) . To demonstrate the polarization property of the radiator's surface, the total surface current is displayed. When port 1 is powered up, all four folded dipoles are energized. We can clearly see that there is a strong current distribution on the outer edges of all four folded dipoles, as indicated by the purple arrows in the figure 2, forming a −45 • polarization as shown by the red arrow. Conversely, a resulting + 45 • polarization slant is observed when port 2 is energized. Therefore, a slant ±45 • dual-polarized property can be achieved in the proposed antenna.
The current distributions at 1.71 GHZ and 2.69 GHz are also illustrated in figure 3 . Due to the symmetry of the antenna structure, only the current distribution when port 1 is excited is displayed. The current distribution of these frequencies both are characterized by a polarization of −45 • and vividly show the relationship between the length of the surface current path and the operating frequency. When the antenna is operated at entire outer edge as indicated by the vector arrows, but the opposite is seen when operating at 2.69 GHZ as only one end of the folded dipoles has a surface current distribution.
C. PARAMETERS STUDY
In order to have an insightful understanding about how impedance matching bandwidth and gain are affected by the structural parameters, we simulated and analyzed some important parameters of the antenna. For the sake of simplicity and considering the symmetry property of the antenna only port 1 is energized. 
1) LOADING PART
As shown in Fig 4, the effect of the loading part of the radiator arm on VSWR has been demonstrated. It can be seen obviously that the first important parameter is P which is seen to have an influence on antenna VSWR and gain from 1.71GHz to 2.69GHz. From the perspective of the entire operating band, the antenna has two resonant frequencies, and the VSWR is only sensitive to changes in this parameter at low frequencies while it is insensitive to parameter P at higher frequency band. When P is set to 3mm, although the gain of the antenna is seen to better than the rest, the bandwidth of the VSWR at lower bands is not satisfactory. In order to reach an optimum value in terms gain and VSWR, we set P to be 7mm during fabrication.
2) EFFECT OF SPACE BETWEEN RADIATOR ARMS
The second parameter that contributes to the VSWR and the gain is the gap between the folded dipoles' arm. It can be seen VOLUME 7, 2019 FIGURE 5. Effect of S1 on the proposed antenna's gain and VSWR. in Fig 5 that when the S1 parameter decreases, on the one hand, the gain of the antenna increases; on the other hand, the VSWR at the lower frequency band becomes better, and the resonance of the lower frequency band shifts to higher bands. This phenomenon can be explained by the strengthened mutual coupling from the adjacent folded dipole. Considering the actual requirement, the parameter, S1, is chosen to be 4.5mm which is the optimal value. 
3) STEP WIDTH AND THE SPACE BETWEEN THE ADJACENT RADIATORS
As is shown in the Fig 6 below , the VSWR is sensitive to the parameter S2 over the entire frequency band; however, the gain is only affected at the higher bands. In order to achieve good performance, paying much attention to the parameter S2 is critical. The VSWR of the lower band becomes smaller as the parameter S2 decreases, meanwhile, it is noted that the VSWR of the upper band is very poor when the S2 = 1mm. Hence S2 = 2mm is the considered choice. 
III. SIMUALTION AND MEASUREMENT RESULT OF THE ANTENNA ELEMENT
In order to evaluate the actual performance of the designed antenna, the antenna with the final optimized parameters was fabricated and measured, as shown in Fig 7. The VSWR and port isolation measurements between the two ports were measured by R&S ZND Network Analyzer. Figure 8 , Figure 9 show good agreements between the simulated and the measured data for VSWR and S21. More importantly, the VSWR and S21 measurements are superior to the simulated results, which may be caused by simulation accuracy.
Antenna radiation pattern data can be measured using a far field test system, typically in outdoor free space or in a large indoor microwave darkroom for far field pattern measurements. The radiation pattern of the test and simulation at frequencies of 1.7GHZ, 2.2GHZ and 2.69GHZ is shown in the Fig 10, which shows that the test results are highly consistent with the simulation results. It is obvious that the HPBW of the horizontally plane barely changes. From another perspective, the radiation pattern has high stability with frequency changes.
A supplementary explanation, for the simplicity and the symmetry of the proposed antenna, only port 1's data is displayed in table 1. This table clearly shows that the XPD test results and simulation results of the horizontal plane are greater than 16 dB at theta = 0 degrees and greater than 10 dB at theta = 60 degrees, respectively. Hence the requirements of the base station antenna can be fulfilled. All in all, from the perspective of various indicators, the antenna designed in this paper is sufficient for the actual market requirements.
IV. ANTENNA ARRAY A. ARRAY GEOMETRY
An array was designed and manufactured to prove that the array antenna which consists of 2 × 12 elements provides better performance in practical application. The overall structure of the proposed array and the feed network are shown in Figure 11 . In Fig 11(a) , the element spacing of the array is 120 mm (about 0.9 λ 0, where the λ 0 correspond to the wavelength of 2.2GHZ) and the spacing between the two columns is 115 mm. As shown in Figure 11 (b), a phase shifter and six splitters are used in the feeding network. Antenna element's current amplitude and phase can be adjusted so that the desired electrical down tilt of the array radiation beam can be achieved. When the lever of the phase shifter is moved slightly, the ports of the power splitter can provide phases −3β, −2β, −β, 0, β, 2β, respectively. More specifically, in order to achieve the purpose of suppressing the sidelobe level in the vertical plane, both of the six power splliters' one end are connected with the output ports of the phase shifter through the coaxial cable, and the other end is connected with the antenna elements through coaxial cables of different lengths. Figure 12 below shows the topology of the feed network in detail. 
B. EXPERIMENTAL RESULTS
The port-to-port isolation and the measured VSWR for an antenna array in which the down tilt is varied between 0 • and 10 • , is portrayed in Fig 13. Under the condition that the down tilt is increased from 0 • to 10 • , all port isolation results are better than 30dB and VSWR is observed to stay below 1.5 for the entire working frequency band.
The measured radiation pattern of the array consisting of antenna elements with down tilt ranging from 0 • to 10 • is plotted in Fig 14. Since the XPD of the horizontal plane needs to be calculated as opposed to the XPD of the vertical plane which is not of interest, the horizontal cross-polarization level is the one shown while the cross-polarization level of the vertical plane is not considered. The radiation patterns clearly show that the array antennas designed in the paper have good stability in both vertical and horizontal planes. In addition, the measurement results also show that the FBR value is pretty good (>28dB) for the entire operating frequency band in all cases of different down tilt. More importantly, 
V. CONCLUSION
An octagonal dual-polarized base station antenna element composed of four folded dipoles and its array antenna capable of meeting the frequency requirements of 2G, 3G and 4G, and having an adjustable electric down tilt angle, has been designed and manufactured in this research. From the table 1,2 and 3,the simulation and measurement show that both parameters, such as HPBW, FBR, S21, XPD, VSWR and gain, are excellent, but also has a low profile of 23mm compared to others in table 2. More importantly, when different electrical down tilt angles are employed, the horizontal and vertical radiation pattern both remain stable. Based on these advantages, the proposed base station antenna is viable for deployment in the mobile communication market.
